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(57) Abstract: A method for providing fast power control to mobile stations simultaneously initiating a random access transmission 
to a base station in a communication system is disclosed. The mobile station does not wait for an acknowledgement of successful 
detection prior to transmitting the header/message portion of the access Message and responding to power control bits on die associ- 
ated F-PCCH sub-channel. The mobile will, however, abort transmission if no detection acknowledgement is received on a forward 
common channel within a predetermined timeout If the base station detects an access preamble in any R-RACH slot, it starts a 
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FAST POWER CX)NTROL TO MOBILE STATIONS SIMULTANEOUSLY INmATING A RANDOM ACCESS 
TRANSMISSION 

Field of the Invention 

5 The present invention relates to cellular communication systems and, more 

particularly, to a system for increasing the reliability of the cellular 
communication system in environments having a large number of mobile 
telephone units simultaneously attempting to access a base station. 

Background of the Invention 

10 In multi-access systems such as cellular communication systems, when 

several transmitters attempt to transmit simultaneously, the messages may 
interfere or collide with one another. A receiver may not be able to distinguish 
among the messages involved in the collision. Two such multi-access protocols, 
commonly called the ''Aloha" and "Slotted Aloha" protocols, are described in 

15 Bertsekas et al. Data Networks, Chapter 4, Prentice-Hall, Englewood Cliffs, 1987. In 
the Aloha protocol, each transmitter may transmit a message at any time. Upon 
discovering that the transmitted message has collided, the transmitter waits a 
random delay time and retransmits the message. In Slotted Aloha, all messages fit 
into a time slot of a predetermined length. Upon discovering that the transmitted 

20 message has collided, the transmitter delays a random number of slots and then 
retransmits the message. In both methods, a random delay is introduced to 
prevent transmitters from retransmitting simultaneously. 

The use of code division multiple access (CDMA) spread spectrum 
techniques maximizes the number of mobile stations that can commiinicate 

25 simultaneously with the base station. Each mobile station has a pseudo noise (PN) 
code uniquely associated with it that the mobile station uses to spread its 
transmitted signals, commonly referred to as the long PN code. Once the call has 
been initiated, i.e., the base station has selected the long PN code corresponding to 
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the transmitting mobile station, the base station can receive and despread the 
signal transmitted by the mobile station. Similarly, the mobile station can receive 
and despread the signal transmitted by the base station. In some systems, the 
signals may be modulated with a pilot PN code as well. 

For certain types of transmissions, it is advantageous to use a common PN 
long code rather than a unique long code for each mobile station. The message 
transmitted by a mobile station attempting to initiate a call is one example of such 
a transmission. A mobile station wishing to initiate calls can transmit such 
requests on a common access channel using a corresponding common PN code. 
The base station can monitor the access channel by despreading of the signal using 
this PN code. The access channel is used because messages such as those 
initiating a call are relatively short in comparison to voice transmission, and a 
receiver can more easily monitor a relatively few access channels than the large 
number of unique traffic channels with which the mobile stations are associated 
by the unique PN long codes. 

When two mobile stations transmit simultaneously and there is no multi- 
path, the transmissions arrive at the base station separated in time by a delay. 
Under most operating conditions, it is unlikely that a large number of mobile 
stations will be at the same distance from the base stations. However, 
simultaneously transmitted messages would collide if two or more are at the same 
range. Under most conditions, the base station can distinguish among the 
transmissions because the time between arrivals of the transmissions at the base 
station exceeds one PN chip. 

The probability of access channel collisions increases with an increase in the 
number of mobile stations and with an increase in multi-path reflections. Multi- 
path compoxmds the problem because, while the main signals of two 
transmissions may be separated in time by more than one chip, multi-path 
components of the transmissions may not be. 

In 2G systems (i.e. IS 95B), the reverse access channel employs slotted 
Aloha as the access protocol. In 3G systems (i.e. CDMA 2000), possible 
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enhancements to the existing access procedure include fast closed loop power 
control which provides up to 5 dB Eb/No reduction relative to IS 95B open loop 
power control The power control bits on the forward link are trarismitted on a 
coirunon power control channel (F-PCCH). Since access transmissions are short, 
typically aroxmd 100 ms, fast response is required for power control to be 
effective. 

The pseudo noise (PN) randomization procedure in IS 95 A/B allows the 
mobile station to delay its long code timing by a random number of chip 
durations between 0 and 511. If two mobile stations initiate access attempts in the 
same slot of the same reverse access charmel (RACH), but with sufficient chip 
separation between them due to PN randomization, both transmissions may be 
successfully decoded by the base station. However, both mobile stations will now 
be power controlled by a single power control bit stream on the F-PCCH 
associated with the particular RACH on which the mobile station preambles were 
detected. If the base station is able to identify more than one transmission, it may 
choose to follow the strongest mobile station, randomly toggle power control bits 
up and down and effectively not have power control. If the base station is not able 
to reliably detect multiple simultaneous transmissions, the transmit powers of the 
accessing mobile stations listening to the same power control bit stream are a 
random walk with 1 dB steps. If imchecked, this random walk may introduce 
serious interference in the system, in that the random walk is a function of load 
and slot duration. In either case, associating power control bit streams on the F- 
PCCH with a particular RACH does not ensure unambiguous power control. 

Therefore, a need exists for an improved method for providing fast power 
control to mobile stations simultaneously initiating a random access transmission 
to a base station in a commimicatioiis system. 

Brief Description of the Drawings 

The novel features believed characteristic of the invention are set forth in 
the appended claims. The invention itself, however, as well as a preferred mode 
of use, further objects, and advantages thereof, will best be imderstood by 
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reference to the following detailed description of an illustrative embodiment when 
read in conjunction with the accompanying drawings, wherein: 

FIG. 1 shows a timing diagram illustrating access channels for two mobiles 
and a fast power control chaimel; 

FIG. 2 shows a functional flow diagram depicting the process of providing 
fast power control to mobile stations simultaneously initiating a random access 
transmission to a base station according to the method and the system of the 
present invention. 

Detailed Description of the Invention 

Referring now to the drawings, and in particular FIG. 1, a timing diagram 
illustrating Reverse Random Access Channels (R-RACH) for two mobile stations 
and a Forward Link Common Power Control Channel (F-PCCH) is shown. In the 
preferred embodiment, the R-RACH is used by the mobile station to initiate 
communication with the base station or to respond to a mobile station directed 
message. As seen in FIG. 1, each R-RACH Message comprises a preamble portion, 
followed by a header portion, followed by a message or data portion. Preferably, 
the frame duration for the R-RACH header is 5 ms in duration. In addition, 
transmissions on the R-RACH are slotted, with the slot interval on a given R- 
RACH being defined by the system parameter RACH.SLOT. In the preferred 
embodiment, there are 512 slots associated with a particular R-RACH, and the 
mobile station uses a different long code mask in each of the 512 slots. Preferably, 
the duration of each RACH^LOT is 1.25 ms. The mobile stations Ml and M2 
listen to the power control bits based upon the RACH_SLOT nvimber. A power 
control bit is sent every 1.25 ms on the F-PCCH to signal the mobile station to 
increase or decrease its transmit power by a predetermined amount. The mobile 
station adjusts its trarxsmit power every 1.25 ms (i.e. every power control group). 
The actual timing of F-PCCH may be delayed for a predetermined nimiber of 
power control groups, thereby allowing the base station to detect the preamble as 
discussed in greater detail below. The number of available power control bits on 
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the F-PCCH in a single power control group is 24. Therefore, each F-PCCH can 
support 24 simultaneous access attempts. A single power control bit assigned in 
every power control group yields a power control rate of 800 bits per second. A 
single power control bit every alternate power control group yields a rate of 400 
bits per second, etc. 

IS 95B access procedures limit the maximum PN randomization offset to 
512 chips. The mobile station uniformly delays the long code timing and the I and 
Q pilot PN sequences. As such, the base station searcher has to search for a 
preamble on the RACH long code and all possible offsets up to 512 chips. In 
contrast, the present invention proposes to parameterize the maximum possible 
offset to N chips, and define allowed offset slots or sub-charmels - in other words, 
the notion of slotting the PN randomization interval into "sub-channels". Each 
offset slot is M chips long. M is large enough to account for cell radius and worst 
case multipath. Thus, each accessing mobile station delays its transmit timing and 
the long code generator state in discrete steps. To maintain the same searcher 
burden as in IS 95B systems, a typical value for M is 64, and a typical value for N 
is 512, thereby effectively yielding N/M = 8 sub-channels per R-RACH. In the 
preferred embodiment discussed above, N/M = 512. Each F-PCCH sub-channel is 
associated with each R-RACH slot through a non-random hash procedure. Each 
R-RACH slot has a different long code as discussed above. If the base station 
detects an access preamble in any R-RACH slot, it starts a power control bit 
stream on the associated F-PCCH sub-channel. 

FIG. 2 is a flow diagram depicting a method for providing fast power 
control to mobile stations simtiltaneously initiating random access transmission to 
a base station in accordance with the present invention. The process may be 
initiated whenever the mobile station (not shown) must send information to the 
base station on a common access channel. For example, a user may initiate a 
telephone call, which must be routed to the base station. The flow begins at 
reference numeral 202, wherein prior to initiating a transmission, the mobile 
station randomly selects one of the available R_RACHs. In addition, the mobile 
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Station receives the ID of the associated F-CACH, F-PCCH, and F-CCCH in a 
broadcast message from the base station. Thereafter, at reference numeral 204, the 
step of FN randomization is performed, wherein the mobile station time delays its 
access channel transmissions by a small amount that is greater than or equal to 
one chip, but is much less than the length of the message itself, as is well known in 
the art. Thereafter, at reference numeral 206, the step of transmitting a Message 
comprising a preamble, a header, and a message or data portion in the next R- 
RACH slot with index i is performed. Thereafter, at reference numeral 208, after a 
predetermined power control group delay, a response to the power control bits 
given by the associated F-PCCH is given. The power control sub-channels on the 
associated F-PCCH are determined by the R-RACH slot index i. 

Thereafter, at reference numeral 210, a determination is made whether or 
not a detection acknowledgment on an associated F-CACH is received by the 
mobile station before detection timeout as follows: as soon as the base station 
detects a preamble, it sends an acknowledgment (i.e. detection acknowledgment) 
to the accessing mobile station on the Forward Common Assigiunent Channel (F- 
CACH) and starts sending power control bits. If the base station fails to detect the 
preamble, no detection acknowledgment or power control bits are sent. Typically, 
the detection acknowledgment is transmitted on a 5 ms frame to reduce delay. If 
the mobile station receives the detection acknowledgment, it continues 
transmission as shown at reference numeral 214. If the mobile station fails to 
receive the detection acknowledgment within a timeout period, it will abort 
transmission and perform a random backoff and power adjustment as shown at 
reference numeral 212 and as is well known in the art. It should be noted that the 
power adjustment described at reference nimieral 212 should not be confused 
with fast power control. Thereafter, flow reverts back to the start. Possible causes 
for non-receipt of the detection acknowledgment include the preamble not being 
detected, or an error in the detection acknowledgment message itself. However, it 
should be noted that the mobile station does not wait for the detection 
acknowledgment message to transmit the header/message portion and respond to 
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power control bits on the associated F-PCCH sub-chaimel. In addition, it should 
be noted that the detection acknowledgment message is associated with a 
successful preamble detection on a sub-channel, and not with successful decoding 
of the access Message. 

Thereafter, at reference numeral 216, a determination is made whether or 
not the mobile station receives a decode acknowledgment from the base station 
before decoding timeout. If the base station does not successfully decode the 
Message, then no decoding acknowledgment or power control bits are sent. If the 
base station does successfully decode the Message, it sends a decode 
acknowledgment on the F-CCCH to the mobile station. If the mobile station 
receives the decode acknowledgment, flow proceeds to the end. If the mobile 
station does not receive the decode acknowledgment, then the mobile will 
perform a random backoff and power adjustment as shown at reference numeral 
218 and as is well known in the art. It should be noted that the power adjustment 
described at reference numeral 218 should not be confused with fast power 
control. Flow thereafter reverts back to the start. 

If multiple transmissions occur in the same R-RACH slot, a collision occurs, 
and if the base station detects a preamble, it will start a power control bit stream 
corresponding to the R-RACH slot on which access was detected and power 
control the sum of the energies in the search window. If the base station fails to 
detect any preamble, it doesn't send a detection acknowledgment, and the 
colliding mobile stations abort transmission after a predetermined timeout. 

It will be appreciated by those skilled in the art that the base station may 
choose to transmit an abort message on the F-CACH and stop transmitting the F- 
PCCH sub-channel to any accessing mobile station if system parameters so 
dictate. 

The foregoing description of a preferred embodiment of the invention has 
been presented for the purpose of illustration and description. It is not intended 
to be exhaustive or to limit the invention to the precise form disclosed. 
Modifications or variations are possible in light of the above teachings. The 
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embodiment was chosen and described to provide the best illustration of the 
principles of the invention and its practical application, and to enable one of 
ordinary skill in the art to utilize the invention in various embodiments and with 
various modifications as are suited to the particular use contemplated. All such 
5 modifications and variations are within the scope of the invention as determined 
by the appended claims when interpreted in accordance with the breadth to which 
they are fairly, legally, and equitably entitle 
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Claims 

What is claimed is: 

1, A method for providing fast power control to mobile stations 
simultaneously initiating a random access transmission to a base station in a 
communication system, comprising the steps of: 

generating a message; 

delaying the message by a delay time corresponding to a random number 
of access slots; 

transmitting the message on a chaimel whose identification is a function of 
the number of access slots delayed; 

receiving power control bits on an associated broadcast channel whose 
identification is a function of the number of access slots delayed; and 

monitoring a second associated broadcast charmel from the base station for 
an acknowledgment. 

2. A method as recited in claim I, wherein the step of delaying comprises 
slotting PN randomization. 
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3. A method as recited in claim 1, wherein the step of receiving further 
includes the step of discarding a predetermined number of power control bits 
after initiating an access attempt. 

4. A method as recited in claim 1, wherein the step of monitoring comprises 
monitoring the second associated broadcast channel from the base station for a 
detection acknowledgment and aborting the transmission if the detection 
acknowledgment is not received. 

5. A method as recited in claim 1, wherein the step of monitoring comprises 
monitoring the second associated broadcast channel from the base station for a 
decoding acknowledgment. 

6. A method as recited in claim 4, including the steps of performing a random 
backoff and performing a power adjust. 

7. A method as recited in claim 5, including the steps of performing a random 
backoff and performing a power adjust. 
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